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We analyze the slow-roll inflation mechanism in brane framework with a real Higgs field confined 
on the brane. We prove that inflation occur for field value below the 4-dimensional Planck scale and 
produce cosmological perturbations in accordance with observations. Through the amplitude of 
the scalar perturbation produced during inflation we could determine the self-coupling constant of 
the Higgs field which is not predicted by the fundamental theories. Also it was found the solutions 
to the motion equations on the brane. 
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I. INTRODUCTION 

The recent discovery of a new scalar like particle with 
mass 125-126 GeV in the experiments ATLAS and CMS 
of the Large Hadron Collider [J Q has profound impli- 
cations not only in particle physics also in cosmology. 
In the particle physics the Higgs field is the key to ex- 
plain the origin of the mass of all the massive particles 
known through the Higgs mechanism 0, 0] . In the Stan- 
dard Model the electroweak interactions are described 
by a gauge field theory based on the SU(2) L x U{l)y 
symmetry group. The spontaneous breaking of the elec- 
troweak symmetry through the introduction of a complex 
scalar doublet field leads to the generation of the W^ 1 
and Z boson masses. The Higgs field also gives mass 
to all fermions through Yukawa interaction [a, [f| . How- 
ever such mechanism of spontaneous symmetry breaking 
has not been verified experimentally. The mass of the 
SM Higgs boson is not predicted by the theory, however 
the precision electroweak measurements suggest that the 
mass of the Higgs boson run < 152 GeV .7]. Beyond 
Standard Model the electroweak symmetry breaking has 
been studied in the context extra dimensional space-time 
in 

In the cosmological context the Higgs particle could 
play the role of inflaton [ll[ . However in pj], [l2j showed 
that the SM Higgs field cannot act effectively as the in- 
flaton. However this problem can be solved through a 
non-minimal coupling of the Higgs field with the cur- 
vature R [ill, EH- Other variants of Hig gs inflation in 
4D theory have been investigated in [lj, [l4| . In usual 
Higgs inflation the value of the coupling constant £ of 
the Higgs field must be smaller than 10~ 13 for to sup- 
press the amplitude of the curvature perturbation from 
the inflaton quantum fluctuations [l5j . This value of the 
self-coupling constant implies that the mass of the Higgs 



particle is m# ~ 10 13 GeV which is close to GUT scale. 

In this paper we analyze slow-roll inflation in Randall- 
Sundrum type II scenario with a Higgs field confined on 
the brane. The Randall-Sundrum braneworld type I was 
motivated originally as solution to the hierarchy problem 
between the electroweak and Planck scales [l6[ . The sec- 
ond Randall-Sundrum model was proposed as an alter- 
native mechanism to the Kaluza-Klein compactifications 
17} . The Randall-Sundrum type II braneworld have been 
intensively studied in the last years, among other reasons, 
by its appreciable impact in the inflationary scenarios 

[mis- 
using the covariant formalism [2l|, which relate the 
four and five-dimensional space-time, we obtain the ef- 
fective Einstein equations on the brane: 
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where G M „ is the usual Einstein tensor, g^ v is the 4- 
dimensional metric on the brane, re 2 is the 4-dimensional 
gravitational coupling and A4 is the effective cosmolog- 
ical constant induced on the brane. The effective Ein- 
stein equation on the brane |T|) differ of its usual form, 
the new term S^ v represent quadratic corrections in the 
matter variables and £ M „ is related with projection of the 
5-dimensional Weyl's tensor on the brane [21] . In a cos- 
mological scenario where the metric induced on the brane 
is a spatially flat metric of Fricdmann- Robertson- Walker 
model, we obtain the following Friedmann equation on 
the brane (see [22l |) 
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where k 2 = 8ttG = 8n/M 2 and M = 1.22 x 10 19 GeV is 
the four-dimensional Planck mass. The four-dimensional 
cosmological constant A4 induced on the brane is given 
by 
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The Planck masses M and M5 are related through 



II. HIGGS INFLATION 
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In the braneworld scenarios the Friedmann equation is 
drastically modified at high energies. In the regimen 
of strong brane corrections the p 2 term in the Fried- 
mann equation (j5J| dominates in the early universe. The 
quadratic modification in the Friedmann equation pro- 
duces increase in the friction on scalar field. As result in 
braneworld cosmology the inflation is possible for jiwider 
class of potentials than in standard cosmology [3]. In 
other words, this makes slow- roll inflation possible even 
for potentials are not sufficiently flat from view point of 
the standard cosmology dHU S3. The brane correc- 
tions to the dynamic of the inflation have been investi- 
gated [3 Si Si- 

The high energy modification must occur before nucle- 
osynthesis to recover the observational successes of Gen- 
eral Relativity, the cosmological observations impose the 
lower limit A > (lMeV) 4 . The final term in flSJ usually 
called dark radiation term is related with projection of 
the Weyl's tensor on the brane and it represents the in- 
fluence of bulk gravitons on the brane see [26j]. Where 
C is an integrations constant obtained from analysis of 
the bulk equations, also this constant can take any sign. 
In [27j was proved that if the bulk is an AdS$, this con- 
stant is zero. But if the bulk is AdS-Schwarzschild, the 
constant C is non-zero and it is possible to relate C with 
the mass of the black hole on the bulk. The dark radi- 
ation term in ([2]) is constrained by nucleosynthesis and 
CMB observations to be no more than 5% of the radia- 
tion energy density [28| . Imposing a fine-tuning between 
the cosmological constant A5 of the bulk AdS$ and the 
positive tension of the brane on the relationship ([3]) , we 
can get a cosmological constant on the brane A4 = 0. In 
the following in this paper, we will assume A4 = and 
C = 1 . In this case the Friedmann equation can be 
written in the following form 
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In the brane scenarios we can obtain inflation on the 
brane of two different ways. In the scenarios with a 
bulk empty the inflation must be driven by a scalar field 
trapped on the brane 2 . However when the bulk contains 
a scalar field, it is possible to induce inflation on the 
brane through the effective projection of the 5D scalar 
field [1^, [3(| ■ In this paper we use the first mechanism 
to obtain inflation on the brane. 



A. Higgs field on the brane 

Here we consider the simple theory of a real scalar field 
<f> confined to the brane with Lagrangian 
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Where is the metric induced on the brane, $ is 
the Higgs field, the constant x is its vacuum expecta- 
tion value and £ is the self-coupling constant. In the 
Standard Model the mass of the Higgs boson is given 

by nriH — \ fx and its vacuum expectation value \ = 
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246GeV which is fixed by Fermi coupling 



Gf ■ Like £ is unknown, the value of the Higgs boson 
mass tuh cannot be predicted. The Higgs potential 
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has been widely studied in the literature as mechanism 
symmetry breaking [H, 0, Hl[ or cosmological inflation 
[111 \'A'A •') 1 . In the braneworld context the Higgs field 
could be associated with a spontaneous breaking of 4- 
dimensional symmetry on the brane 3 . The scalar field 
on the brane satisfies the usual Klein-Gordon equation 



(8) 



For large values of the field \ <C $ the potential ([7]) can 
be approximated by 



(9) 



In this class of potential there is not symmetry breaking. 
The inflationary dynamic of the power law potential in 
braneworld has been investigated in 35] . 

The chaotic inflation models ™<E> 2 and A<I> 4 in stan- 
dard cosmology have been widely criticized to require 
super-Planckian field values to solve the flatness and 
anisotropics cosmic microwave background problems. 
The problem with super-Planckian field values is that 
usually we expects non-renormalizable quantum correc- 
tions ~ ($/M) a , a > 4 to completely dominate the po- 
tential, thus we have not control over the potential, de- 
stroying the flatness of the potential required for inflation 
from view point of the standard cosmology. However in 
[25| proved that chaotic inflation model m<E> 2 in brane 
framework can solve these problems for field value be- 
low Planck scale. In the next section we proved that 
an inflation models like A<I> 4 in brane framework do not 
require super-Planckian field values to solve the flatness 
and anisotropics microwave background problems. 



1 During inflation the dark radiation term is rapidly diluted there- 
fore we can neglect it. 

2 In this kind of models the bulk has only a negative cosmological 3 The electroweak symmetry breaking has been explored in the 
constant. context of the braneworld in 
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B. Slow-roll Higgs inflation 

In this section we analyze the slow-roll inflation for a 
Higgs field confined on the brane. Analogously to the 
standard slow-roll inflation based on the General Rela- 
tivity, we can define the slow-roll parameter on the brane. 
The quadratic correction to the Friedmann equation ([5]) 
at high ener gies also modified the standard slow-roll pa- 
rameter tig. l2al. 
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The modifications to usual slow-roll parameters are con- 
tained in the square brackets of above expressions. For 
the potential @ the slow-roll parameter are given by 
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During slow-roll brane inflation, under approximation 
A < V($), from we have 
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Inflation ends when e = 1 and this occurs for 

$cnd = 

The potential at the end of inflation 

2/3 
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The amount of inflation is given by the number N ~ 
f.f Hdt of e-folds of the scale factor. The number of 
e-folds also is modified on the brane 

f"/>ond y 

V 7 



N 



-K 2 



<t>i 



1 



2A 



do 



(17) 



The modifications within square brackets to usual num- 
ber e-folds allow to obtain more inflation between any 
two values of the field $. At very high energies A <C V 
we have 



For the potential (j9|) we find 
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end 
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The amplitude of the scalar and tensor perturbations pro- 
duced during inflation are given [l9l [25l | 
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At very high energies the amplitude of the scalar pertur- 
bation can be approximated by 
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and we find that 
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This result is independent of the brane tension, then 
through (|23p we can determine the coupling constant of 
the Higgs field. 
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From CMB normalization [36| we know that amplitude 
of the scalar perturbation As = 2 x 10~ 5 , for N = 55 we 
have that £ ~ 10 -12 which is close to value obtained in 
15]. 

Using the equation ([18} one has 
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Hence, it is required that $i ~ 10 2 M 5 , to get N = 55. 
If the 5-dimensional Planck scale takes values M5 < 
10 17 GeV the inflation occur for Higgs field value less 
than the 4-dimensional Planck scale $i < 10 19 GeV. For 
example if we assume that M5 is close to the electroweak 
scale uiew ~ 1 TeV we find that the inflation occur for 
Higgs field value $i < 100 TeV, which is much below the 
4-dimcnsional Planck scale 4 . 

The scale-dependence of the perturbations is given by 
mean of the spectral indices [25[ . 
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4 The mechanism Ms ~ rriEW was suggested like solution to the 
hierarchy problem between the electroweak and Planck scales Q . 
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For the potential (HJ we find that 
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For N = 55, it implies that ns ~ 0.947 which is close 
to n s = 1.17 ± 0.31 from COBE constraints J37|. In 
(f28f we can see that the spectral index tend to Harrison- 
Zel'dovich spectrum corresponding to ns — > 1. 

In m was proved that the density of particles pro- 
duced after inflation is given by 
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where p° nd and H^ nd correspond to values of the energy 
density of relativistic particles and Hubble parameter at 
the end of inflation, the number of scalar fields involved 
in particle production take values 10 < g p < 100. Us- 
ing the equations ([5]) and (jlT))) we find the ratio between 
the energy density of relativistic particles and the energy 
density of the scalar field 



P 



end 



p c * nd 



36 



(31) 



which depend of the coupling constant of the Higgs field 
and increase with the number of fields involved in gravi- 
tational production g p . The self-coupling constant com- 
puted previously lead to ratio between the energy den- 
sity of relativistic particles and the energy density of the 
scalar field p e r nd /p e i d ~ 10~ n when g p = 100. 

Now let us find the dependence of the Higgs field 
with the cosmological time. During slow roll inflation 
$ 2 <C V($>) the Friedmann equation can be expressed as 
a function of the scalar field. 
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At high energies, the above equation can be approxi- 
mated by 



(33) 



such approach is valid only if A <C U (<£>). For simplicity 
we can write the Friedmann and Klein-Gordon equations 
in the Hamilton- Jacobi form 32, 391. 
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The first Hamilton- Jacobi equation can be integrated 



a(<I>) = cxp 













H' 



(36) 



Substituting the potential (|9]) into the Friedmann equa- 
tion (I33[) and integrating in above equation we find 



a(<I>) = Cexp 
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(37) 



Known the scale factor dependence a($), we can deter- 
mine the dependence $(t) through the second Hamilton- 
Jacobi equation which takes the following form 
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This equation can be easily integrated 
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Where $o is the initial value of the Higgs field corre- 
sponding to ^(to)- Thus we have found the dependence 
of the Higgs field with the cosmological time. 



III. DISSCUSION 

In this paper we have analyzed the slow-roll Higgs in- 
flation in brane framework. We proved that the inflation 
can be driven by Higgs field with a $ 4 -potential and to 
produce cosmological perturbations in accordance with 
observations from COBE. The inflation on the brane oc- 
curs for field values below the 4-dimensional Planck scale. 
This result differ of standard inflation where the potential 
A<I> 4 require super-Planckian field values. The compute 
of the amplitude of the scalar and tensor perturbation 
allowed to determine the value of the self-coupling con- 
stant of the Higgs field £ ~ 10~ 12 which is close to value 
obtained in [la]. This relationship between self-coupling 
constant of the Higgs field and the amplitude of scalar 
perturbations imply a connection between Higgs particle 
and the large structures in the universe. The small val- 
ues of the self-coupling constant of the Higgs field also 
to suppress the amplitude of the perturbations produced 
during the inflation also it leads to a very small ratio be- 
tween the energy density of relativistic particles and the 
energy density of the scalar field. Through the Hamilton- 
Jacobi formalism we established the framework to deter- 
mine the scale factor dependence with the scalar field and 
the scalar field dependence with the cosmological time, 
to find this dependence allow us to know the behavior of 
this model. 
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